change in discharge in the middle reach of the Yellow river analyzed by the non-parametric Mann-Kendall and Pettitt tests revealed that the methods act as a powerful tool for evaluating the previously implemented soil and water conservation measures [3] . A Mann-Kendall trend test is utilized to analyze evapotranspiration sensitivity to changes in meteorological variables, revealing that the method can be used as a water management tool with proper measures to evade climate change impacts [4] . A highly increasing annual temperature trend is identified with the long-term data 1901-2012 using Mann-Kendall test at 95% confidence level for Tbilisi, Georgia, and also reported that monthly temperature data provided insignificant trends [5] .
A study [6] investigated trend and change point detection of annual and seasonal precipitation and maximum, minimum, and mean temperature for southwest Iran. The results revealed insignificant trends in precipitation and significant increasing trends in temperature using Mann-Kendall and Pettit's test. The change points are observed in temperature time series that began in the 1990s. The author [7] analyzed the time series of trend and change point detection for temperature, relative humidity, wind speed, sunshine hour, and pan evaporation using non-parametric tests. Their results showed that a significant change point was present during 1900-2000, and a significant rising trend observed in temperature and falling trend is reported for other climate variables. The agricultural and livestock sectors are affected not only by rainfall and temperature, but also by other climatic variables such as wind velocity and relative humidity [8] .
A work [9] compared four different change point detection methods such as Bayesian analysis of change points (BCP), wild binary segmentation (WBS), E-agglomerative algorithm (E-Agglo.), and iterative robust detection (IR). Their results implied that BCP gives incorrect change points, and that E-Agglo and WBS provide correct location and the number of change points, but E-Agglo is computationally costlier and WBS takes less time for estimation. If a dataset has both trend and change point, analyzing with only one method can give erroneous results. A new approach is developed using locally weighted polynomial regression and segmented regression for trend and change point detection for water quality parameters. The method helps in environmental and pollution control decision making especially suited for irregular datasets [10] . Several studies have been carried out by researchers all over the world in trend analysis and change point detection [11] [12] [13] [14] .
The present work attempts to understand the variability of rainfall and temperature in order to improve the hydrological environment of the river basin. The study area is located in northern Tamil Nadu and covers an area of 7,520 km 2 . The boundaries of the basin are delineated by the Bay of Bengal in the eastern side, the Kalvarayan Hills in the western side, by Ponnaiyar Basin in the northern side, by Paravanar Basin on the northeastern side, and by Cauvery Basin on the southern side ( Fig. 1 ).
Material and Methods

Mann-Kendall Test for Trend Detection
The Mann-Kendall test is a widely used non-parametric test utilized for trend detection in environmental sciences Fig. 1 . Vellar River Basin of Tamil Nadu, India. [15] [16] 
Sen's Slope Estimator
The magnitude of the trend is quantified by a medianbased non-parametric slope estimator known as TheilSen method [17] [18] . The computation of slope is given by 
Change Point Detection Method
The change point detection method is an effective tool to recognize the Climate erraticism in the historical climate data series. The recognition of change point location in the climate series is vital since it modifies processes in the hydrological cycle. A combination of cumulative sum charts (CUSUM) and boot strapping is a method used to detect changes by several iterations [19] . The cumulative sum S i is estimated by equation 3.6 as follows:
3.6 …where S 0 = 0; initial cumulative sum S 0 ; i = 1, 2, 3,……………, 25; and X -is the average of the sample series. The difference between current value and the average to the previous sum are added to compute the CUSUM values. The upward and downward slope indicates that the period of time where the values are above or below the overall average. At the change point, the series having two means are split into segments and through the iterative process mean square of estimates is computed till the minimum mean square of error (MSE) is reached. This shows the change of time and ultimately endorses the change in the climate system. The boot strapping-based confidence level is utilized to determine the significance of the change point as given in Equation 3.7:
…where S~ is the difference between the maximum and minimum CUSUM values, X is the number of bootstrapped S~ values greater than the original S~ values, and N is the number of bootstraps.
The change point analyzer is a Microsoft Excel-based add-on software utilized for change point detection in the dataset. This analyzer is an efficient tool that detects the exact year when the change or shift that has been taken place by using MSE and CUSUM charts. The level of change and confidence levels indicates the major change point in the entire dataset. The likelihood of climate shift from the observation year is shown by the steady rise or decline lines in the CUSUM plots, which are computed by equation 3.7. If there is no change present in the data series, then the values normally oscillate between the horizontal axis.
Results and Discussion
Based on the Mann-Kendall test and Change point analyzer, the trends and change points were identified for the rainfall and temperature data. Twenty-two rain gauge stations and one temperature station is involved in the present study as depicted in Fig. 2 .
Analyzing Monthly, Seasonal, and Annual Temperatures
We utilized the past 38 years of data for trend analysis and change point detection studies. The monthly, seasonal, and annual means of maximum, minimum, and mean temperatures indicated that there is an increasing trend. For all cases, the trends are considered statistically significant when α value is equal to 0.05. The maximum temperatures in March and September showed a significantly higher rising trend, with highest Z values of 2.96 and 2.73, respectively. The minimum temperatures in May and June specified that significant higher rising trend with highest Z values as 4.46 and 3.69, respectively. However, the minimum increasing trend is observed in the months of October and December for maximum temperature, and January and September for minimum temperature ( Table 1 A warming trend is observed from both maximum and minimum temperature characteristics. A significant rising trend of mean annual temperature shows that there is an alarming global warming signal expressed over the entire river basin. An increase of 0.5ºC in the annual mean temperature is noted in the recent decade within the study period of 38 years. Thus the results indicate that there is a consistent warming trend during the previous three decades. The greatest monthly temperatures of 41.6ºC and 40.4ºC are noticed in April and March, and the lowest monthly temperatures of 17ºC and 18ºC are observed in January and December.
Analying Annual Maximum, Seasonal, and Annual Precipitation
The Mann-Kendall trend test is carried out for the rainfall series of the 22 rain gauge stations located in the river basin. The estimated Mann-Kendall Z and p values of each station for annual maximum, seasonal, and annual time scales are shown in Tables 2-3 . The seasonal rainfall time series are more substantial than annual time series because they are subjected to greater inter-annual variability. The trend results were abbreviated as IT (increasing trend), DT (decreasing trend), and NT (no trend) in Table 3 Table 3 . For the NEM season, a statistically significant increasing trend is specified in eight stations except Kallakurichi, which shows a decreasing trend and other stations are having an insignificant trend as depicted in Table 3 . A statistically significant increasing trend resulted in five stations except Kallakurichi and Vridhachalam Anaicut stations, which shows a decreasing trend, and other stations are having an insignificant trend as depicted in Table 3 . The Sen's slope is utilized to compute trend magnitude. In AMDR statistics, the greatest increase in trend magnitude is seen in Memathur station by 3.05 mm/10 years. Sendamangalam station has a decreasing rainfall trend magnitude of 1.9 mm/10 years. The magnitude of increasing trends in NEM and SWM are greater than that of summer and winter seasons for almost all the stations. The 2005 year is the surplus year in the period of study, with rainfall of 1,470 mm, which is above the average rainfall.
Analysis of Change Points
The recognition of change points is a statistical technique that plays a vital role in spotting climate jumps in the whole climatological data period. The change points were identified for maximum, minimum, and mean temperatures. It is clearly evident that the maximum, minimum, and mean temperature values appear to be outside the control limits, which reveals that change took place during the examined data period (Fig. 3) .
The level represented in Fig. 4 Fig. 4 . The change point magnitude is computed using the ratio of average of climate data after the change point to the before the change point occurrence is found to be 0.99, 1.00, and 1.00, correspondingly. The present study shows a statistical importance of change point that can be seen from the late 1980s at a confidence interval setting of 95% with 1,000 boot straps and a method of mean square of estimates. The process shifts estimation and generation of trends are well indicated using CUSUM charts. The CUSUM chart of maximum, minimum, and mean temperatures obtained by the boot-strapping technique has a noticeable change at α = 0.05, which is depicted by modified background color in Fig. 5 . A clear upward trend is represented in CUSUM charts and a sudden temperature change is found in the late 1980s and 2000s. The increasing trend continues until 2014. The estimated change point years of annual rainfall is shown in Fig. 6 . The results of annual rainfall change point years shows no major change, which is due to the characteristic of highly erratic and inter annual variability.
Conclusions
The variability of rainfall and temperature due to probable human involvement or change in climate is essential for planning and managing water resources at a regional level. Different non-parametric tests were used for trend analysis and change point detection. The results show that all monthly, seasonal, and annual maximum, minimum, and mean temperatures have a significant greater rising trend. The magnitude of increasing trends in NEM and SWM are greater than those of summer and winter seasons for almost all the rain gauge stations. The previous studies also validated that the river basin in the Northern part of Tamil Nadu is experiencing an increase in temperature and rainfall, and a decrease in rainy days. The maximum temperature and minimum temperature change points are identified in 1985 and 2001, and 1987 and 2013, respectively. From the mean annual temperature, it is seen that the change point is present in 1983-88 and 2000-04 at 100% confidence interval. The important change points observed in maximum, minimum, and mean temperatures implies that there is an influence of fast-growing industrial activities in the basin and also the increase in temperature occurred by change in land use pattern, which is caused by the effect of excessive stream flow during monsoon season and thereafter a long dry period prevailed in the basin. The present study is very helpful in framing climate change scenarios and it is based on the revealed characteristics of climate variables at the regional level. 
